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Abstract
@

Background: Exogenous surfactant from natural sources helps to restore normal function
in premature cases. Pulmonary-surfactant dysfunction can lead to acute lﬂjurygnd is
characterized by alveolar instability, floating, and collapse. These a \ have been

shown to occur in acute respiratory distress syndrome (ARDS) and nEon tal respiratory distress

syndrome (NRDS). o \ o

Objectives: To identify the best source of exogenoMatural Burfactant and its composition.
Methods: Twenty-four healthy Holstein calves were se in three‘ age groups in both sexes to
investigate the impact of sex and age on the surf; osition. Cell free Bronchoalveolar
lavage fluid (BALF) supernatants were centr%ed 20000 g for 60 min, allowing separation of
crude surfactant pellets (CSP). Subseuny, upernatant was discarded, and CSP was

separated into several aliquots and st j for further analysis.

Results: It was concluded that BKL fen’ile groups was significantly enriched by Surfactant
proteins -C and Surfactant teln in comparison with male groups at the same age. Total
phospholipids, glycerldcrl h\esterols were not age-dependent in the male groups; however,
they had a descend@

Conclusions: Jt caaned that both age and sex could affect the amount of surface tension

s001ated with age in the female groups.

trend 1 1n ng and was seen to decrease in the female group compared to the male
Femal calves in the younger age group are the best source of natural surfactants required
for exo surfactant in neonatal respiratory disease due to the highest concentration of

dipalmitoylphosphatidylcholin and lowest surface tension.
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1.Introduction \

Lung surfactant is a complex of lipoproteins that produced, stored and secreted in the»ype II
J
epithelial cells, and covered the lung alveolar epithelial surface in the last weeks of pregnancy
-~ .
(Choi et al., 2020). The component of natural surfactant @s phespholipids, cholesterol,

triglyceride and four types of proteins (Guzman and Sa&hli, 2015}

Surfactant is composed of ~80-85% phospholipi % q\ltral lipids and 8-10% protein,
with 5-6% containing of the four speciMurf ant/proteins. Eighty-five percent of the
phospholipid fraction itself contains of Qspmcholines, the most important component
(40%) with the highest compacti?\n ert‘eseeing Dipalmitoylphosphatidylcholine (DPPC);
11% consists of phosphatld and phoshatidylinositol, which fluidize the lipid monolayer.
The remaining fractlon@s \Varlous phospholipids with particular functions (Hentschel et

al.,2020). DPPC, the main phospholipid portion of the lung surfactant, decreases surface tension,

promo&%&u\ d facilitate the lung to expand without complications, reducing

reswpr‘ess\(Bae etal., 2019).



Hydrophobic surfactant proteins B and C, play a crucial role in natural surfactant structure and
[
cause both adsorption and distribution of phospholipids at the air-liquid interface %da etal.,

2017; Hentschel et al.,2020). Hydrophilic surfactant proteins A and D have Wa s{ucture

and participate in down-regulating the inflammatory response of the luf \Wefimmunity

(Sardesai et al.,2017). o \ R

Neonatal respiratory distress syndrome (RDS) is one of the mos\common problems for preterm
infants (Magni et al., 2023). It is common in neonates/bornbefore ?7 to 32 weeks and needing
N
ventilation with infusion exogenous lung surfacimo atural sources, helping to restore
normal lung function (Han and Mallampallig,2 S‘Mnberry and Wilson, 2018). Destruction
of type II alveolar epithelial cells du S @ult respiratory distress syndrome) results in an
increase in lung compliance due, tg dysfunction in surfactant manufacture (Cutts S et al., 2017).
Common pathogens related&ARD\(\/hlch can have the effective impact on surfactant quality
and its content 1 SthOCcus pneumonia, Pneumocystis jirovecii, Staphylococcus
aureus, and a diversi of esplratory viruses such as HIN1 novel influenza A, novel coronavirus
(C VIN Xratory syncytial virus (RSV) (Al-Abedi et al.,2022; Ashrafi et al., 2020;
Mojibi‘et al., 22 Rawal, G et al., 2017; Jamaatia et al., 2020). In addition, different factors

affect lung surfactant content and its maturation such as age, sex, intrinsic cortisol, thyroid
4



hormones, prolactin, epidermal growth factor, diabetic mother and testosterone levels (Han and

| &
Mallampalli , 2015).

The process of extracting, purifying and identification pulmonary surfactmtracttl also
affects the composition and phospholipid ratio (Christmann et al., ?O‘).N&aﬁd Torday
mentioned the biological disparity between fetal sexes in @l\bbit as‘an animal model,
which may be the cause for male infants to develop Iﬁpiratorysiistress syndrome (Nielsen and

Torday, 1981).

%
O
Moreover, some studies indicated that aginvld% modify the composition and function of
lung surfactant (Christmann et al., 200 MeMMhn Clements showed the first direct
measurements of pulmonary surfa @» u nylis home-made Langmuir—Wilhelmy surface
balance half a century ago.it)‘setluen 5 n'any more in vitro tensiometric techniques, such as

(y}aptive bubble surfactometry, and the constrained sessile

the pulsating bubble sc
drop, have been de@p to assess in vitro surfactant function (Stichtenoth et al., 2014).
:

Althou&&rew have been conducted on lung surfactant composition, there is still
insufficient d* tovevaluate the effect of age and gender on lung surfactant content, especially in
calves as an"appropriate source of exogenous surfactant which consumes in respiratory diseases.

5



The main aim of this study was to determine the effect of age and sex factors on quality and
[ ¢
quantity of lung surfactant and measure its functionality by new methods, which *ntially can
O

Eistress

support in finding the best source to obtain natural surfactant for RDS (rﬁ

syndrome) or the other respiratory disorder. ‘ \ 4
&
2.Materials and Methods o A \ e
\
Animals \

Twenty-four healthy Holstein calves were collectew hra& University of Medical Sciences
(TUMS) farm and divided into the follovx th@)ups: 0-4months, 4-8months, and 8-
12months (n=8 in both sexes in each gro&AlMs’ characteristics such as age, weight, and
gender were registered. The ca’lvPs era* health was assessed through clinical exams, and
blood samples were taken *ssexheir complete blood count and confirm their health. The
clinical criteria for adr@o\o e study included the absence of eye and nasal discharge, as

well as normal body, temperature and absence of respiratory sounds/cough. The calves were kept

under N& (Nitlons for approximately 12 hours prior to the procedure (Fozouni and

Taha 2023)‘A11\experimental procedures followed the guidelines on ethical standards for



experimental processes in animals, according to a protocol approved by the Animal Ethics

h\

4
Bronchoalveolar lavage (BAL) performed in the anesthetized calvesy hhofol (Fresenius

Committee, University of Tehran, Iran.

Bronchoalveolar Lavage Method

N

N,
Kabi, U.S.A.) (Diprivan®5mg/kg) using a sterilized and ﬂe@a@tvith a 3-5 ml balloon
cuff (Supa Co, Iran). The head and neck of the calf%ktended\ ffcilitate the passage of the
sterile BAL catheter. The BAL catheter introduced into.the whea via a tracheal tube, and its

positioning confirmed by repeated coughingﬁe balloon cuff then inflated with 3 ml of air and

subsequently, 5 aliquots of 200-300 ml -waf%sterile saline solution (37°C) infused, and

immediately after infusion, the lava s;Jted by applying negative pressure (Danlois et

al., 2000). The lavaged ﬂi’mixe d'pooled in a sterile tube maintained on ice and

immediately transferre

h\@ckmistry laboratory. The calves were under critical care
d

support after the m cedure to prevent any bronchial complications. To obtain a cell-free

-
superna% (Ll@ged at 400 g for 15 min.
Cytology ‘ >



For cytological evaluation of BALF, the cells were precipitated by centrifuging and stained using

Crude Surfactant Extraction h &

Cell-free BALF supernatants centrifuged at 20000 g for 60 min at 4°c‘alN&p{aration of
'

crude surfactant pellets (CSP). Subsequently, the supem@a’s\discardﬂh and CSP was

\

Wright-Giemsa staining and direct smear preparation (Allen et al., 1992).

separated into several aliquots and stored at -80 °C for further anaQsis.

Calf Lung Surfactants Extract (CLSE) Analysis >

N
The obtained pellets were re-suspended in Ca@a Merck, Whitehouse Station, NJ)
solution, and the lipid part of calf lung %ant xtracted by modified Bligh and Dyer
method (Bligh and Dyer, 1959). T t Iyse-separated and concentrated with a rotary

evaporator (IKA Co, rv10 digitel)}an ore' at -20 °C. For triglyceride assay, the dried extract

was re-dissolved in Isopro &1, V(N(ed and then the saponification reagent was added. After
G

mixing and keepin$1 o\eﬁperature for 5 min, the periodate solution was added.

:
Subsequenﬂ{ety etone reagent was added and samples heated at 65°C for 15 min in a water

bath. FN

lipid content, Qlfuric acid was added to a test tube containing the sample, mixed well and heat in

, Chvas read at 410 nm vs blank (Neri and Fring 1973). To evaluation of total

boiling water bath for 10 minutes. After cooling the samples, the phosphovanillin reagent was
8



added and mixed. Finally, tubes were incubated at 37 °C for 15 minutes, cooled in room
temperature and OD was read at 540nm. ¢

The analysis of total cholesterol was carried out by total cholesterol assay m: xeﬁ)re by
Loeffler and Mc Dougald. Briefly, isopropanol was added to the conicalf Mn;aining the

&
sample, mixed well and then put in room temperature for 5 %er{:ntrifuge or 5 min.

Subsequently, transferred clear supernatant to a cleanftest tube @d FecL3.6H20 was added to

each tube and after mixing, sulfuric acid was added an ad at 5?0 nm using blank.

N
To analyze the hydrophilic proteins, the aq S ;@ was collected and stored at -20 °C. The

phospholipids classes distribution was de ine‘%thin-layer chromatography (TLC) on silica
gel plates (Merck, Whitehouse St @. ;J) F 254) using a mobile phase containing
chloroform/methanol/2-propa; oT/t:ieth i!e/H2O (Touchstone et al., 1983). The samples and
standards include L-a- it'&ylkline from Soy (CAS No= 840054C, Avanti polar lipids
Inc) and 1, 2-dipal@0 -sr@cero%-phosphocholine (CAS No=850355C, Avanti polar lipids
Inc) and 1-stearoy -Moyl-sn-glycero%-phosphocholine (CAS No= 850468C, Avanti polar
linvere placed on plates and after drying, the TLC plate was put in the mobile phase

containing,tank. Then, the samples were stained with 10%H2S04 and 8% H3PO4and incubated



at 150° C (oven) for 15 minutes. Finally, the phospholipids were determined by Power Scan

&
2017 software (Mokra et al., 2016).

The phospholipid contents of the extracted samples confirmed using high-m\aanliquid
chromatography with C8 reversed-phase column 150 X 4.6 mm 5’ u‘ N& a{ong with
refractive index detection (RID). The mobile phase prepar@ofﬂ)ining*ﬁf)ml acetonitrile,
450 ml methanol and 100 ml 50 mM acetic acid to a‘final ratio\of 50:45:10. The mobile phase
was degassed for 10 minutes. The extracted samples injeeted intg the column containing a
mobile phase of acetonitrile, methanol and acetic a&bo: 0) at the flow rate of 1 ml/min.

The total protein of the surfactant measured by, thMo-Bradford method (Bradford, 1976).
Besides, SP-A, B, C and D conte n ze’using enzyme-linked immune sorbent assay
(ELISA) technique by commercéah(it AS'No: E0890b, U1622b and U1623b and E1039b).

For in situ evaluation of ex*cted\g surfactant, a profile analysis tensiometer method used
(PATI, Sin- interfa&"Gm&g}Germany). Measurements of dynamic interfacial tension and
dilatational viseeelasticit at‘trhe water-lipid interface performed by the drop profile analysis

X

ten, iom\

achievement ‘ drop profile calculated by the Gauss-Laplace equation in which all the

aanst et al., 2017). Briefly; the process of measurement is based on image

experiments are conducted at 25°C and atmospheric pressure.
10



Parameter No. Ave =+ SEM Normal Range

Data Analysis
Statistical analysis was conducted using SPSS software (version 21). Significance %jsowere set

at the p<0.05 using One-Way ANOVA and independent t-test. All experilﬁ ‘edures

involving animals were approved by the Ethics Committee of the Faculty‘l@q’Medicine
of Tehran University. r

\
3.Results \

Q ®
Clinical Parameters and BALF Cytology b

As the data in Table 1 show, in all groups,‘era@ﬁological parameters were recorded in

the normal range. The data showed no gniﬁMifference between cytological content of

BALF at different age and sex (Tale (JO 05).

Phospholipids and Protem ntel‘

It was construed fr C \\at sex and age had no effect on SP-A, SP-B, SP-D and total

proteins cont{m OWted surfactant (P > 0.05). However, BALF in female groups was

si iﬁca\ e

N
other d, tb amount of SP-C was considerably increased in group A in the females in

iched'by SP-C in comparison to male groups at the same age (P=0.003). On the

11



comparison to the similar sex in other groups. Furthermore, SP-C decreased in the males of

group C in comparison with the males in group A (P=0.04).

female and male groups. As Fig. 1 shows, phospholipids composition o d surfactant

was confirmed by TLC (Figure 1). No significant difference age and sex on

the number of total cholesterols and glycerides (P>0.0§

o Rl
~~
Figure &pi composition of extracted surfactant on TLC

1: 1,2-dipalmito<sn-gl -phosphocholine standard; 2: Sample; 3: L —a-Phosphatidylcholine

@, -stearoyl-2-linoleoyl-sn-glycero-3-phosphocholine standard; 6: Sample

12



Total phospholipids in the female groups were significantly higher than the male groups in the
same age group (P=0.002). Additionally, total lipids in group A were significan igher than

the other groups for both males and females (P=0.003) (Table 3). It can beﬁe om the

present data, all measured factors except total glycerides have a desce‘wa' aging in

@

both sexes. W N
W QD

Surface Tension Measurement Results

Based on the obtained results, the surface tension of male Fles was recorded 44.76 + 0.38

mN/m in 0-4 months, 45.97 + 1.25 mN/m ir%m s and 55.06 = 0.45 mN/m in 8-12 months

(Fig. 2). It was construed from the resw surface tension of female samples was

recorded 24. 85 + 1.30 mN/m in 0- 3 + 1.05 mN/m in 4-8 months and 50.36 + 0.8
iNS

mN/m in 8-12 months (Figs{& !n

N
o)

S
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Fig 2. PAT Measurementyof a%les different ages.
&

Run.1: 4-8 month in male group, run.2: 0- e group, Run.2: 8-12 month in male group.

of

amples was recorded 44.76 + 0.38 mN/m in 0-4

onths and 55.06 + 0.45 mN/m in 8-12 months.
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4.Discussion
Lung surfactant is a ¢ 1p0protems that produced, stored and secreted in the type II
epithelial cells, an@ve lung alveolar epithelial surface in the last weeks of pregnancy. It
reduce { at the air—water interface, improves alveolar ventilation, exchanges of
res wrevents pulmonary edema formation and finally prevents the alveoli from

war and Marwaha ,2023; Singh et al., 2021). The qualitative and quantitative of

17



lung surfactant change due to infectious disease and noninfectious diseases. One of the more
significant findings emerged from this study is that the quality of isolated lung sur' nt content
in female calves less than 4 months age is higher than other groups, which & ntlally
used as the best source to obtain natural surfactant to prescribe for res‘r iseases. In the

other hand, it probably rationalizes the high incidence of in é d&eases such as RDS due to

viral and bacterial pneumonia in the elderly because &redu in quan and functionality of

natural lung surfactant. Q
The analysis of BALF undertaken in this stud nstrated that SP-C, SP-D, total

phospholipid, total lipid content and functienali iMF depended on gender, and in female
groups were significantly higher in Qor’o the male groups. Additionally, it would be
interesting that the only composr i(Qlaﬁed by aging are SP-C and SP-D, and the other
contents of surfactant were * depNent on it. It can be inferred from the PAT data that both
age and sex could aﬁ e ahx of surface tension as increased by aging and decreased in the
female grou{7 arls n to the male group. It possibly reflects the high incidence and case

fat lityN

(Jamaatia et a 2020)

us diseases such as COVID-19 among males in comparison to females

18



SP-B is an important component of surfactant substitute mixtures can alter PL membrane
&

association, enhancing the surfactant-like properties and the uptake of PL vesicles by type II

cells in vitro while resisting surface tension by increasing the lateral stability of the

|
phospholipid’s monolayer (Hockenberry and Wilson,2018). ‘ \\ /
@

Exogenous surfactant prepared from natural sources or syntm mainlyused for
treatment of NRDS and meconium aspiration. In addition to respigtory distress syndrome,
surfactant deficiency is observed in many other clinical ions in tgrm and preterm infants

N
and adults. So, encourage scientist to develo diffe@le s extraction and recognize the best
sources for exogenous surfactants (Han an kamp ,2015; Sardesai et al., 2017).
Total lipids and phospholipids in the S acalt are responsible for the surface active
function of pulmonary surfactant t?y S titu.ng interfacial water molecules, and its ultimate
objective is to reduce surfac&nsioN the water- air interface(Han and Mallampalli , 2015;
Cafiadas et al., 202w orm§rfactant proteins, particularly SP-B and SP-C, show a strong

i
affinity for iirface nd ensuing surface-active properties indicated by many researchers as key

co Stitlm

membranes (S"desai etal., 2017).

in hAng the optimal dynamic and mechanical properties of surfactant

19



The study results by Torday et al. revealed that male infants had a higher risk for RDS in
[ &
comparison to females and the reason of this phenomenon is delay in surfaetani&duction in

response to the inhibitory effect by testes-derived hormones or diminishing tlﬁ)o se‘of the

male to corticosteroids stimulating surfactant synthesis (Torday et al‘ ?oﬂler study

showed differences in the two genders by proteomic analy h&h may, be’ be due to varying
expression of specific proteins in which the level of SP C an 1n the ale was higher than
the male; this can be the cause of more respiratory abn 1t1es in males (Sardesai et al., 2017;

Rahmanian et al., 2014). Nielsen found that @ hoh‘nones, by blocking the lung

maturation, can contribute to higher morb1d1 nd W‘[y rate in male infants (Nielsen et al.,

1982). ( )

Another important factor that Qalk ﬁe surfactant content is aging due to reduction in
alveolar, alveolar-capilla *d luh parenchyma surface area. An age-related decrease in
surfactant in monk éd\\plalned by a lower number of type II alveolar cells per unit
lung volume d decreased alveolar surface tension produced by surfactants (Shimura

i{ t al., 2022; Vanstapel et al., 2021). Furthermore, the decreases occur with

alveo epta area, and the total surface area of the lung parenchyma, which can cause a

decrease in surfactant composition (Pruthi and Multani, 2012).
20



Christmann et al. showed that surface tension and phospholipid composition of surfactant in
neonatal foals were significantly different as compared to adult horses, and this' influence
the biophysical and immunologic functions of surfactants (Christmann et al.g&lwever,
studies on the whole-lung tissue extracted surfactant from humans, r Wy monkeys
revealed no significant alterations in the content of dlsatur@qxhatld lch ine with aging

(Egberts et al., 1987; Ghidoni et al., 2015).

() P

5.Conclusion
Finally, owing to importance of sur ntirep Jement therapy in preterm foals, lambs, calves
and babies, obtaining the best é@ h'lew method identifications to acquire the natural

surfactant to produce exogenous swtant is necessary. Based on the obtained results, female
BALF was more enrchm \ and total PL contents that differences in surfactant content,

besides of PAT anﬂzsw bet‘{)veen neonate male and female may be attributed to surfactant

phosph\lc \rnthesw in late of pregnancy, but further investigation is necessary by
D
longerage int’vals.
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